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1 
This invention relates to a circuit having a high 
input impedance and suitable for the making of 
measurements of potentials existing in circuits 
which must be subjected to .a minimum of dis- 
turbance by the measuring apparatus. 
In particular, the invention is adapted to the 
provision of a probe which may be inserted in 
an electrical system for the measurement of po- 
tentials therein. In accordance with the pre- 
ferred embodiment of the invention there is pro- 
vided a circuit which has .a very high input re- 
sistance and a very low effective shunt capaci- 
tance. The circuit is such as to have a substan- 
tially fiat frequency response from direct poten- 
tials to frequencies of the order of one megacyc]e 
or higher. If is also substantially linear in its 
response to .a quite wide range of potential., As a 
result of the foregoing characteristics it is par- 
ticuiarly adapted fo the measurement of tran- 
sients without disturbance of the circuit under- 
going measurement. 
As wfll be evident from the foregoing char- 
acteristics, circuits constructed in accordance 
with the invention are adapted to a wide variety 
of uses. A particutar use for the circuit is in the 
construction of a probe which may be used to 
mèasure potentials in a so-ca]]ed off reservoir 
analyzer in which conditions in an off reservoir 
may be simulated by the production of cur;ents 
and potentials in a model constructed of electrical 
components. In such measurements transients 
are to be detected and measured or exhibited, for 
example, by cathode ray oscilloscopes and it is 
quite important that the model should not be 
disturbed electrically by the probes which are in- 
serted for measurement purposes. 
Briefiy stated, the improved circuit provides 
an input stage for a measuring device which may 
.be, in its later stages, of many different types. A 
screen grid tube, preferably a pentode, is involved 
in a cathode follower circuit so that a low input 
capacitance between its control grid and other 
elements of the tube is rendered still smaller fo 
the end that a very high input impedance is 
presented by the input of this tube even at very 
high frequencies. A pentode so used, however, 
wouid have an output departing very considerably 
from linearity if a wide range of input potenti.s2s 
were applied thereto due to variations of poten- 
tial difference between the screen .and cathode. 
In accordance with the invention the potential 
difference between the screen and cathode is con- 
trolled, or in a specific instance described is main- 
tained substantially constant ïor changes in 
plied input potential. This is accomplished by 
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coupling the input tube to an amplifier system 
which will cause the variations in screen poten- 
tial to follow those of the cathode of the input 
tube or fo vaut in predetermined fashion relative 
5 thereto to maintain substantially constant the 
grid-anode transconductance of the input tube. 
The various objects of the invention involving 
the attainment of the results heretofore indicated 
as well as other objects relating to detai]s of 
l0 construction and operation wfll become apparent 
from the following description read in conjunc- 
tion with the accompanying drawing in which 
the figure is a wiring diagram illustrating 
preferred embodiment of the invention. 
15 The input tube of the circuit is the pentode 2 
which is preferably of the 954 type since this 
tube bas closely linear characteristics, bas a very 
low input capacitance, and is particularly .dapted 
fo mounting in a small space with simple asso- 
20 ciation with a probe wire connected to its con- 
trol grid. This probe wire or other input ter- 
minal is indicated at I 0. The second input termi- 
nal I of the apparatus diagrammed may be 
constituted by the ground of the apparatus under- 
25 going measurement and to this terminal the 
various parts of the apparatus are grounded as 
indicated. A direct potential is applied to the 
anode of the tube 2 from a terminal 4 of a con- 
ventional direct current power supply. This po- 
:-0 tential may, for exampe, be.250 volts positive, 
this figure being given for purposes of consistency 
with other values hereafter referred fo for the 
purpose of il]ustrating the characteristics of the 
circuit. The cathode of tube 2 is connected 
ç5 through a potentiometer 
to ground, these two elements being connected 
in series fo provide a cathode resistance having 
a value r totalling, for example, 35,000 ohms. 
The potentiometer  may have a total resïstance 
40 value of about 5,000 ohms. 
The cathode of the tube 2 and the cathodes of 
the other tubes involved may be conventïonally 
heated from either an alternating or direct cur- 
renç supply. 
45 The output of the apparatus may be delivered 
between a terminal 
grounded end of resistor $ and ground and this 
output is illustrated in conventionalized fashion 
as feeding a meter I. While for some uses a 
50 meter rnight be here provided, it wfll be unàer- 
stood that in general the output is delivered fo .a 
suitable amplifier or, with or without an amplifier, 
to a cathode ray oscilloscope or any other suit- 
able measuring or exhibiting apparatus which 
55 forms no par.t of the present invention. In brief, 
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the circuit which is illustrated provides 'a high 
input impedance device having linear response 
and fiat frequency response suitable for the feed- 
ing of other devices. 
In order that the output between terminal 12 
and ground shouid be linear for a wide range 
of input potentials itis necessary fo control the 
screen potential and this is accomplished through 
the use of a two stage amplifier hcluding the 
triodes 18 and 28 which may be constituted by 
the two elements of a single tube such has a 
12AU7, although separate tubes may be used. 
The grid of the triode 8 is joined fo the con- 
act of potentiometer 6 by a connection G. The 
athodes of the triodes 8 and 2} are connected 
together as indicated ai 2.. Between these cath- 
odes and ground is a resistance which, for con- 
venience of providing various adjustments, is 
constituted by a group of resistances including 
the fixed resistors 24 and 28, a variable resistance 
2 and a potentiometer 3}, the contact of which 
is joined fo the grid of the triode 2} through 
connection 32. The resistors 24 and 26 may be 
of relatively low value, for example, giving a 
total overail resistance from the cathodes fo 
grounà of the order of 6,000 ohms while the 
potentiometer 36 and resistor 28 may be of high 
resistance value thereby giving fise fo the possi- 
bility of the use of a convenient size of potenti- 
ometer at 39. The anode of triode ! is connected 
direcly to the positive power supply terminal 4. 
The anode of the triode 2 is connected fo the 
same terminal through a fixed resistor 4 and a 
variable resistor 3. Consistent with the other 
values indicated the total resistance here in- 
volved may be of the order of 60,000 ohms. The 
anode of the triode 2 is connected to the screen 
of the pentode 2 through a connection 38. This 
screen is joined fo the cathode of tube 2 through 
a large condenser 88 having a value, for example, 
of 0.1 microîarad. 
Considering first the marrer of rduction of 
input capacitance, this is hot novel per se since 
if is known that a cathode follower arrangement 
of the type illustrated in connection with the 
pentode 2 will give fise fo a considerable reduc- 
tion in the effective input capacitance of such 
a tube. This input capacitance is indicated in 
dotted lines af C. This may be taken fo include 
hot only the grid-cathode capacitance but also 
the grid-screen capacitance since the screen is 
effectively joined fo the cathode through the 
large condenser 89. T'ne arrangement illustrated 
 provides an effective input capacitance C which 
is approximately given by the following expres- 
sion (r being quite small compared with 'p) : 
C 
C= + g.,.r 
iii which gin is the grid-anode transconductance 
oï the pentode (under the adjusted conditions of 
operation) and r is the resistance indicated in 
the figure of the potentiometer  and resistor 8. 
With the use of a 954 pentode or similar tube 
having a low input capacitance if is possible fo 
ïeduce the effective shunt input capacitance fo 
a very low value, for exampie of the ortier of 
0.01 micromicrofarads. An input resistance 
greater than 109 ohms may also be easily secured 
by the exercise of ordinary care in insulation of 
the input lead. 
Using circuit values as indicated and with a 
positive 250 volt supp!y to the anodes of the 
tubes it is possible to secure substantial linearity 
between input and output for inputs ranging 

4 
up to 100 volts. This end is achieved through 
the control of the potential between the screen 
and the cathode. The condenser 39 is desirably 
connected directly between the screen and cath- 
5 ode but even if connected between the screen 
and the contact of potentiometer  if insures that 
ai any except very low frequencies the screen is 
ai cathode potential for alternating currents. To 
insure that this condition also holds for slow 
10 changes in potentials there is provided the amp- 
]2fier arrangement feeding the screen as fllus- 
trated. The grid-anode transconductance of the 
pentode 2 is thus maintained constant. Inas- 
much as with input signals the potential of the 
15 cathode of the pentode 2 with respect fo ground 
must change, the screen to ground potential e, 
must also change with the input potential e. 
The change of screen fo cathode potential indi- 
cated at E is prevented by adjustments of the 
20 circuit provided for at , 2, } and 3. 
While reference has been made to maintaining 
the screen fo cathode potential zero for variations 
in input (though, of course, there is a constant 
positive potential of the screen above the cath- 
25 ode), the adjustments which are provided in the 
circuit are such that residual non-linearity of 
the cathode current-grid potential characteristic 
of the pentode may be compensated for by per- 
mitting the variations in screen fo cathode po- 
3o tential to either increase or decrease slightly 
with increase of input potential. The net re- 
suit is that for a quite large variation of input 
potential a very close approximation fo linearity 
of the output may be secured. The screen fo 
35 cathode potential may, for examp!e, be main- 
tained quite readily within about 2% of the 
constant or slightly variable potential which 
may be desired. 
As a result of the above the frequency response 
40 is also excellent being substantially fiat from 
zero frequency to gïeater than one megacycle. 
The adjustments af , 26, 3{} and 36 serve for 
initial adjustment of the circuit for proper 
operation, and once adjusted no further adjust- 
45 ment in operation is necessary. 
If will be evident from the foregoing that 
variations may be made in details of the circuit 
components while nevertheless securing resuits 
in accordance with the invention. In particular, 
5o there may be ruade substantial departures in the 
type of amplifier which is used fo control the 
screen potential. 
What I claire and desire fo protect by Letters 
Patent is: 
55 1. In combination, a pair of input terminals, a 
thermionic vacumn tube having a control grid 
connected fo one of said input terminals, and 
having an anode, a cathode, and a screen, a 
cathode resistance connecting said cathode with 
60 the second of said input terminals, and a vacuum 
tube amplifier having an input connected across 
af least part of said cathode resistance and hav- 
ing a variable output connected fo said screen, 
said amplifier being of differential type and 
»5 comprising a first thermionic vacuum tube hav- 
ing an anode, a control grid connected fo one 
terminal of the amp]2fier input, and a cathode, 
and a second thermionic vacuum tube having a 
cathode connected fo the cathode of the last 
70 mentioned tube and through means providing a 
resistance fo the other terminal of the amplifier 
input, having a control grid maintained at a 
potential approximating, but less than, that of 
said connected cathodes, and having an anode 
75 connected fo an anode load resistance and fo the 
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screen of the first mentioned tube, the amplifier 
being constructed and arranged to maintain sub- 
stantially constant the grid-anode transconduct- 
ance of the flrst mentioned tube despite changes 
of input to said input terminals. 
2. In combination, a pair of input terminals, a 
thermionic vacuum tube having a control grid 
connected fo one of said input terminals, and 
having an anode, a cathode, and a screen, a 
cathode resistance connecting said cathode with 
the second of said input terminals, and a vacuum 
tube amplifier having an input connected across 
ai least part of said cathode resistance and 
having a variable output connected to said 
screen, said amplifier being of differential type 
and comprising a first thermionic vacuum tube 
having an anode, a control grid connected to one 
terminal of the amplifier input, and a cathode, 
and a second thermionic vacuum tube having a 
cathode connected to the cathode of the last 
mentioned tube and through means Providing a 
resistance to the other terminal of the amplifier 

input, having a control grid connected to a 
point of potential variation of said resistance- 
providing means less than that of said connected 
cathodes, and having an anode connected to an 
5 anode lpad resistance and fo the screen of the 
first mentioned tube, the amplifier beïng con- 
structed and arranged to maintain substantially 
constant the grid-anode transconductance oî 
the first mentioned tube despite changes of 
10 input to said input terminals. 
EDWAPD W. YETTER. 
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